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MKO-INOSITOL AS A PREDICTOR OF GLYCEMIC 
CONTROL IN MAMMALS 
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FIELD OF THE INVENTION 

This invention relates to methods of assessing glycemic control in mammals with Type II 
diabetes by measuring the level of myo-inositol in body fluid. 

BACKGROUND OF THE INVENTION 

Afyo-inositol (MI) is an isomer of inositol, a stable cyclic polyoL MI is found in blood, 
urine and most other tissues of the body. Sources of MI for the human body generally consist of 
food stuffs, but it is also produced in significant quantity by renal biosynthesis and is localized in 
quantity in the outer medulla of the kidney (Troyer et al, Armu, Rev. Physiol, ^5:51-71 (1986)). 

Increased plasma and urine MI has been associated with glomerulonephritis and renal 
feUure (Pitkanen, Clin. Chim. Acta, 20:461-468 (1976); Melmed et al. Am. J. Med 27^:55- 
59 (1977). Several mechanisms for explaining this observation have been proposed, including 
defects in tubular reabsoiption and competition of glucose with the inositol transporter for renal 
uptake in the proximal tubule. The adverse effect of hyperglycemia on the uptake of MI via a 
Na+ dependent MI transporter in the proximal renal tubule has been demonstrated (Cole et aly 
Diabetes, 44:44&-452 (1995)). A stereo specific MI/D-c/ixra-inositol transporter has been found 
mHepG2 ceUs(Ostlund etaL,J. Biol Chem., 2 7/: 10073- 10078 (1996)). 

Significant amounts of MI in the urine patients with diabetes has long been observed 
(Pitkanen, Clirt Chim. Acta, 55:221-230 (1972); Aloia,^. Lab. Clin. Med., 52:809-817 (1973)), 
perhaps even as early as 1 858 (for review, see Hansen and Ortmeyer, Lessons from Animal 
Diabetes VI: 333-348 (1996)). These observations led early researchers to investigate the 
association of MI in urine to renal failure, as noted above. More recent reports have focused on 
the elevated excretion of MI in urine of patients with Type n diabetes (Kennington et al , N. Eng. 
J. Med, 52i:373-378 (1990), Ostlund et al., Proc. Natl Acad ScL USA, P0:9988-9992 (1993); 
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Suzuki etal. Diabetes Care, 77:1465-1468 (1994)). 

While the pattern of results seen in the various studies was similar, there was a wide 
variation in the absolute levels. For example, mean excretion of MI was reported by these various 
groups to be 91, 88 and 192 A*mol/day, respectively, for normal individuals, and 270, 789 and 499 
/zmol/day, respectively, for patients with Type II diabetes (for review, see Lamer and Craig, 
Diabetes Care, 7P:l-4 (1996)). 

There is also evidence of increased excretion of MI in animals with Type 11 diabetes. 
Non-obese GK (Goto-Kazizaki) rats with Type II diabetes have been shown to manifest insulin 
resistance with increased urinary levels of MI (Suzuki et al, in New Directions in Research and 
Clinical Works for Obesity and Diabetes Mellitus, Amsterdam, Elsevier, pp 197-203 (1991)). 

Early detection and good glycemic control of Type II (non-insulin-dependent) diabetes is 
becoming increasingly recognized as important to reduce the development and progression of 
long term disease complications (The Diabetes Control and Complications Trial Research Group, 
Diabetes, ^5:1289-1298 (1996)). Glycemic control (i.e. the maintenance of normal or near- 
normal blood sugar levels) may involve diet, exercise, and weight reduction, as well as blood 
sugar monitoring and medication. 

While there is evidence of increeised excretion of MI in the xirine of patients with Type 11 
diabetes, to date MI levels have not been used to detect the degree of diabetes or glycemic 
control. Methods currently in use to assess the degree of glycemic control in Type II diabetes 
include the measurement of 1) fasting blood glucose followed by an oral glucose tolerance test 
(OGTT) and 2) plasma glycated hemoglobin and/or fructosamine. All of these tests require blood 
samples to be taken and the OGTT test necessitates an overnight fast followed by a morning 
attendance at a clinic for at least two hours. Accordingly, there remeiins a need for non-invasive 
and simpler methods to assess the degree of glycemic control in patients with Type II diabetes. 
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SUMMARY OF THE INVENTION 

The present invention is based^ in part, on the discovery that levels of MI in bodily fluids 
correlate to known and well accepted indicators of glycemic control in manunals with Type II 
diabetes. More specifically » it has now been discovered that urinary levels of MI correlate directly 
to three conventional indices of glycemic control: fasting blood sugar, fiiictosamine, and glycated 
h^oglobin. 

Accordingly, a first embodiment of the present invention is directed to a method for 
assessing tiie degree of glycemic control in a mammal. This method comprises the steps of: (a) 
obtaining a sample of a bodily fluid from a mammal; (b) measuring the amount of MI in the 
sample; (c) comparing the amount of MI in the sample to previously defined reference amounts 
indicative of glycemic control; and (d) assessing the degree of glycemic control based on this 
comparison. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a graph showing the significant (P<0.0001) correlation between urinary MI 
levels and fasting blood glucose levels. 

FIGURE 2 is a graph showing the significant (P<0.0001) correlation between urinary MI 
levels and blood finctosamine levels. 

FIGURE 3 is a graph showing the significant (P<0.0001) correlation between urinary MI 
levels and blood glycated hemoglobin levels. 
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DETAILED DESCRIPTION OF THE INVENTION 

Classically, Type II diabetes mellitus has been diagnosed by finding an elevated fasting 
blood glucose level. Ongoing assessment of the degree of glycemic control is done by measuring 
blood levels of fructosamine and/or glycated hemoglobin. 

All of the tests currently employed require the collection of blood samples on a regular 
basis. There is therefore a need for a simple, non-invasive test for die assessment of glycemic 
control in mammals with Type II diabetes. 

Accordingly, a first preferred embodiment of the present invention is directed to a method 
for assessing the degree of glycemic control in a mammal. This method comprises the steps of: 
(a) obtaining a sample of a bodily fluid &om a mammal; (b) measuring the amoimt of MI in the 
sample; (c) comparing the amount of MI in the sample to previously defined reference levels 
indicative of glycemic control; and (d) assessing the degree of glycemic control based on this 
comparison. 

To practice this first embodiment of the present invention, a sample of a bodily fluid must 
be obtained fix>m the subject mammal. Preferably, the mammalian bodily fluid is blood or urine; 
more preferably, the mammalian bodily fluid is urine. 

The sample of a bodily fluid may be taken firom the mammalian subject without regard to 
the time of day or preceding fasting period. For example, the sample of a bodily fluid may be a 
"spot" sample (i.e. a sample taken at any time during the day, with or without a preceding fast), a 
24-hour sample, or a fasted overnight sample. 

The level of MI in the sample can be measured by any of the analytical procedures known 
to those skilled in the art Illustrative examples of suitable analytical procedures include, but are 
not limited to, high-performance liquid chromatography (HPLC), capillary electrophoresis (CE), 
immtmoassays, enzyme assays, and gas chromatography/mass spectroscopy (GC/MS) {see^ e.g., 
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U.S. Patent No. 5,525,526; U.S. Patent No. 5,356,750; AnaL Biochem., 158:59-63 (1986); 
Olsson et al.Anal Chim. Acta, 206:49-55 (1988); MacGregor et al.Anal Biochem,, 141\3%2' 
389 (1984); and Inamoto et al, Proc, Japan ClirL Chem. Arm., 25:1 16 (1988)). Preferably, the 
level of MI in the sample is measured by an enzyme assay. 

Preferably, when the bodily fluid is urine, the level of MI in the sample is determined as: 
(i) concentration of MI (nmol/mL); or (ii) total daily excretion of MI (A^mol/day). Increased levels 
of MI in urine indicate a loss of glycemic control, while decreased levels of MI indicate 
improvement of glycemic control. 

As an illustrative example, the lower reference level for a spot urine sample is in the range 
of 10 to 20 nmol/mL. MI levels below this lower reference level indicate good glycemic control. 
It should be pointed out, however, that these exemplary levels are from one specific analytical 
procedure and may differ depending on the particular analytical procedure employed. 

As another illustrative example, flie upper reference level for a spot urine sample is in the 
range of 20-45 nmol/mL. MI levels above this upper reference level indicate poor glycemic 
control. It should be pointed out, however, that these exemplary levels are from one specific 
analytical procedure and may differ depending on the particular analjrtical procedure employed. 

The predicative value of MI levels in assessing glycemic control correlates well with the 
predictive value of both fiuctosamine levels and glycated hemoglobin levels. 

The following example is iUustrative only and is not intended to limit the scope of the 
invention as defined by the appended claims. It will be apparent to those skilled in the art that 
various modifications and variations can be made in the methods of the present invention without 
departing from the spirit and scope of the invention. Thus, it is intended that the present 
invention cover the modifications and variations of this invention provided they come within the 
scope of the appended claims and their equivalents. 
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All patents and publications referred to herein are expressly incorporated by reference. 

Example i: a study of urinary myo-inositol levels in patients wrm type n diabetes 

A study was conducted in one-hundred and twenty-eight (128) patients clinically 
diagnosed with Type II diabetes. The group consisted of forty-seven (47) males and eighty-one 
(81) females. 

Immediately prior to collecting a fasting blood sample, a spot urine sample was collected 
from each subject MI levels were measured in the urine samples by a gas chromatography/mass 
spectrometer procedure. Glucose, fructosamine, and glycated hemoglobin levels were measured 
in the fasting blood sample. 

There was a highly significant correlation (P<0.0001) between the urinary MI level and 
the &sted blood glucose, fructosamine, and glycated hemoglobin levels (FIGS 1-3). 
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1 . A method for assessing the degree of glycemic control in a mammal, said method 
comprising: 

(a) obtaining a sample of bodily fluid from said mammal; 

(b) measuring the amount of myo-inositol in said sample to obtain a sample myo- 
inositol level; 

(c) comparing said sample /wyo-inositol level to a previously defined myo-inositol 
reference level indicative of glycemic control; and 

(d) assessing the degree of glycemic control in said manmial. 

2. The method of claim 1 , wherein said bodily fluid is iirine. 

3. The method of claim 1, wherein said bodily fluid is blood. 

4. The method of claim 1 , wherein said mammal is a human. 

5. The method of claim 1, wherein a sample myo-inositol level above said previously 
defined myo-inositol reference level indicates poor glycemic control. 

6. The method of claim 1, wherein a sample myo-inositol level below said previously 
defined myo-inositol reference level indicates good glycemic control. 

7. The method of claim 2, wherein said previously defined myo-inositol reference 
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level is in the range of 20 to 45 nmol/mL. 

8. The method of claim 2, wherein said previously defined myoinositol reference 
level is in the range of 1 0 to 20 nmol/mL. 

5 

9. A method for diagnosing the degree of insulin resistance in a mammal, said method 
comprising: 

(a) obtaining a sample of bodily fluid firom said mammal; 

(b) measuring the amount of mya-inositol in said sample to obtain a sample myo- 
10 inositol level; 

(c) comparing said sample myo-inositol level with at least one previously defined myo- 
inositol reference level; and 

(d) diagnosing the degree of insulin resistance in said mammal. 

IS 10. The method of claim 9, wherein said bodily fluid is urine. 

1 1 . The method of claim 9, wherein said bodily fluid is blood. 

12. The method of claim 9^ wherein said mammal is a human. 
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